Arthrogryposis multiplex congenita is a syndromic condition, apparent at birth, defined by fixation of at least 2 different joints due to fetal immobility.^[@bibr1-2329048X14567532]^ The incidence is estimated at 1 for 3000 live births. Most common manifestations are talipes equinovarus and flexion deformities of the wrists. Multiple etiologies are described and classified as central, peripheral causes (neuromuscular junction disorders, anterior horn cell disease, and connective tissues abnormalities), placental vascular compromise, intrauterine space limitation, maternal systemic pathologies (diabetes mellitus, multiple sclerosis, myotonic dystrophy, myasthenia gravis, and viral infection), and teratogenic intoxication.^[@bibr1-2329048X14567532],[@bibr2-2329048X14567532]^ However, 10% of cases with arthrogryposis multiplex congenita remained unexplained. As the exact pathophysiology remains unclear, the minimal investigations required at birth should include attentive clinical examination, cerebral magnetic resonance imaging, and karyotype.

The authors report the case of a 34 gestational weeks premature infant with severe arthrogryposis at birth, associated with respiratory failure requiring mechanical ventilation. Antenatal magnetic resonance imaging, 3 weeks earlier, showed diffuse bilateral basal ganglia, thalami, and cortical tract injuries mimicking hypoxic--ischemic encephalopathy seen in term infants. These lesions were secondary to maternal hemodynamic compromise (circulatory arrest due to carbon monoxide poisoning at 29 gestational weeks). Acquired deep gray matter injuries need to be considered in the panel of arthrogryposis causes. The timing of the insult is also discussed in the genesis of the arthrogryposis.

Case Report {#section1-2329048X14567532}
===========

A 22-year-old woman was exposed to severe acute carbon monoxide poisoning at 29 gestational weeks after an accidental home fire. She experienced a circulatory arrest successfully resuscitated. At the admission in intensive care, her carboxyl hemoglobin was 52% requiring hyperbaric therapy. She was extubated 24 hours after the cardiac arrest. She felt diminished fetal movements, and the cardiotocographic monitoring showed a micro oscillating and unresponsive fetal heart rate. Fetal cerebral magnetic resonance imaging at 31 gestational weeks exhibited bilateral basal ganglia, thalami, posterior brain stem, and corticospinal tract injuries ([Figure 1, images 1-3](#fig1-2329048X14567532){ref-type="fig"}). Frontal periventricular cysts revealed white matter injuries and a hyposignal of the posterior limb of the internal capsule was also observed ([Figure 1, images 2 and 3](#fig1-2329048X14567532){ref-type="fig"}). Transcerebellar diameter measured at 38 mm, below the fifth percentile for equivalent gestational week reflected cerebellar atrophy.^[@bibr3-2329048X14567532]^ The couple declined any medical interruption of pregnancy. A premature delivery occurred at 34 gestational weeks secondary to a severe hydramnios. A female infant was born (birth weight: 2.340 kg \[75th percentile\], head circumference: 31 cm \[50th percentile\], height: 46 cm \[75th percentile\]). She was intubated at birth due to the absence of spontaneous respiratory movements. The chest was hypoplasic, and the face was amimic with a severe swallowing impairment. Neurologic examination displayed a diffuse arthrogryposis affecting all joints of the superior and inferior limbs leading to severe wrist and elbow contractures and hips dislocation. Bilateral epileptoidal trepidation on inferior limbs confirmed corticospinal tract injury. Neither weaning off mechanical ventilation nor enteral tube feeding were successful. Postnatal brain magnetic resonance imaging confirmed the antenatal lesions ([Figure 1](#fig1-2329048X14567532){ref-type="fig"}). She died 10 weeks after birth.

![*Antenatal brain imaging* (1-3) T2-weighted sequences (1) sagittal view, hyposignal of the posterior brainstem (arrow); (2) coronal view: bilateral periventricular cysts (arrow); (3) axial view: bilateral hyposignal of the posterior limb of the internal capsule (arrows). *Postnatal brain imaging* (4-6). 4, Coronal T1-weighted sequence, bilateral hypersignal of the corticospinal tracts and putamen (arrow); (5) coronal T2-weighted sequence, bilateral periventricular cysts (arrow a), hypersignal of the putamen (arrow b), hyposignal of the cortical ribbon (arrow c); (6) axial T1-weighted sequence, bilateral hypersignal of the lentiform nuclei and thalami (arrows).](10.1177_2329048X14567532-fig1){#fig1-2329048X14567532}

Discussion {#section2-2329048X14567532}
==========

This observation shows that arthrogryposis multiplex congenita can be acquired after ischemic brain injury. Basal ganglia, thalami, posterior limb of the internal capsule, and corticospinal tracts should also be closely analyzed for all patients with arthrogryposis multiplex congenita, even in less severe cases, requiring some expertise on fetal radiology.^[@bibr3-2329048X14567532]^

Severity of arthrogryposis multiplex congenita is related to its etiology and its time of occurrence; the second trimester causes are the severest. However, in this observation, the fetus developed extensive arthrogryposis multiplex congenita over 5 weeks only, suggesting that the severity of brain damage plays a key role. Charollais et al^[@bibr4-2329048X14567532]^ described a fetus with normal vitality and brain morphology on ultrasound investigations up to 32 gestational weeks. At 36 gestational weeks, active movements diminished and finally the infant was born at 37 gestational weeks with a severe arthrogryposis multiplex congenita related to multicystic encephalopathy due to an acute ischemic event.

Multiple etiologies of arthrogryposis multiplex congenita have been reported. Neurological diseases (central or peripheral) are the most frequent (70%-80%) and have the poorest outcome.^[@bibr1-2329048X14567532],[@bibr2-2329048X14567532],[@bibr5-2329048X14567532]^ Central disorders account for one-third of arthrogryposis multiplex congenita causes, including migration disorders, olivopontocerebellar-corticospinal tracts degeneration, and encephaloclastic process.^[@bibr1-2329048X14567532]^ Peripheral disorders include peripheral neuropathy due to hypomyelinative process, anterior horn diseases, neuromuscular junction disorders, and disease of the muscle. They remain the commonest etiologies.^[@bibr1-2329048X14567532],[@bibr2-2329048X14567532]^ Deep gray matter and corticospinal lesions are rare. In a cohort of 83 patients, a patient presented pyramidal tract degeneration and 2 other patients evidenced acquired brain ischemic injuries with no further details.^[@bibr6-2329048X14567532]^ In another report of a cohort of 68 cases, 2 patients with arthrogryposis multiplex congenita had a history of intrauterine ischemia, with a gestation marked by a severe maternal hemorrhagic shock occurring the second trimester for the first patient, and a twin-to-twin transfusion syndrome at 25 gestational weeks leading to a fetal death of the twin.^[@bibr5-2329048X14567532]^ No information about cerebral imaging was available.

The mechanism of brain lesions in our observation can be interesting to discuss with the questionable respective part of carbon monoxide poisoning and circulatory impairment in the generation of the fetal injury. Carbon monoxide binds to hemoglobin with an affinity estimated 200 times superior than oxygen, leading to hypoxia.^[@bibr7-2329048X14567532],[@bibr8-2329048X14567532]^ Maternal hypoxemia due to carbon monoxide poisoning also participated in fetal hypoxia. Moreover, carbon monoxide has 2.5 times more affinity for fetal hemoglobin than adult hemoglobin. The fetus accumulates carbon monoxide, exposed to higher rates of carbon monoxide--hemoglobin for a longer period of time than his or her mother. Carbon monoxide has direct cellular toxicity. Fetal neurological consequences of the carbon monoxide poisoning depend on the severity of maternal intoxication and the gestational age occurrence of this insult. Fetal and postnatal magnetic resonance imaging in the present observation showed mostly deep gray matter mimicking severe term hypoxic--ischemic magnetic resonance imaging patterns.^[@bibr9-2329048X14567532]^ In this observation, 2 intricate mechanisms leaded to fetal hypoxia, namely, direct carbon monoxide toxicity and maternal hemodynamic compromise. Deep gray matter is the most vulnerable region requiring the highest energy resources and has the highest concentration of excitatory amino acid receptors in fetus and neonates. During gestation, thalami and brain stem are also areas of great metabolism activity because of the ongoing myelination. The magnetic resonance imaging appearances of brain lesions after acute carbon monoxide intoxication were reviewed in 19 adult patients. Globus pallidus was reported as the commonest site of injuries.^[@bibr10-2329048X14567532]^

In our case report, ischemia was also responsible for decreased cerebellar growth without evidence of cortical atrophy, demonstrating the peculiar cerebellar vulnerability during the third trimester of pregnancy.^[@bibr3-2329048X14567532]^ In another cohort, 2 infants exposed to intrauterine ischemic event presented microcephaly and cerebral atrophy.^[@bibr5-2329048X14567532]^

In conclusion, acquired in utero ischemic corticospinal tracts and basal ganglia injuries can be a cause to consider in infants with arthrogryposis multiplex congenita, requiring a focused reading of magnetic resonance imaging.
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